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Introduction
The Grand Challenges facing engineering are essentially human challenges and, therefore, cannot be addressed with technical knowledge alone. The interdisciplinary nature of engineering and these complex challenges require engineers with diverse experiences, knowledge, perspectives, skills, etc. However, current preparation of engineers often leaves them unsure about their role in society 1 . Therefore, it is necessary that we better prepare engineers to operate in social contexts considering both historical and contemporary issues with ethical, economic, global, political, and environmental impacts. It is also necessary for engineers to develop as persons able to critically examine the presuppositions of beliefs and value systems based on the perspectives and opinions of others rather than passively accepting them as reality.
The following terms represent concepts central to achieving this purpose. Professional formation is the development of one's professional identity as influenced by one's personal value systems, the value systems of the culture of the profession (e.g., epistemologies, norms, particular symbols, and persona), and one's developing conception of her/his professional roles and responsibilities as she/he is transformed from a layperson into an engineer. This occurs, in part, by socialization through classes, internships, design projects, and friendships 1 . Selfawareness is a state of self-directed attention and represents the extent to which one has identified and can articulate the personal values, professional values, and assumptions regarding professional roles and responsibilities that inform her/his professional identity. 2 Selfconsciousness is one's disposition to direct her/his attention toward her/himself; the existence of this self-directed attention produces a state of self-awareness. 3 Social-awareness is a state of focused attention on considerations of public welfare in one's day to day life and it represents the extent to which one considers matters of public welfare. 1, 4 The ability to consider matters of public welfare is highly influenced by the professional formation process.
There are opportunities to integrate the development of engineering students' self and social-awareness in design courses. Integrating principles of user-centered design, humancentered design, and empathic design to design courses provide engineering students with opportunities to understand and integrate end-user data during the design process, to consider not only the function their design provides, but also its meaning, and to identify with the challenges of the end-user. 5 These design approaches take into consideration the reality that engineering takes place in a human context and place people at the center of design tasks thus emphasizing that engineering is "for people" according to the framework for the Humanistic Side of Engineering. 6 However, these methods are more suitable for understanding customer needs in general contexts and may not provide the unique details to identify and address more sensitive design contexts. 5 Compassionate Design provides a framework does all of this and helps designers adopt a value system that honors the well-being of end-users by emphasizing dignity, health, empowerment, safety, and happiness by "sensitizing engineers to issues and considerations that may get overlooked when relying solely on traditional methods." 5 Building on the framework for the humanistic side of engineering, Fila et al. 7 developed a framework for engineering education to promote a more holistic engineering education that will in turn lead to the development of more holistic engineers. This framework illustrates how engineering design, particularly compassionate design, innately focuses on the "for people" quality of engineering in a unique way that will help students to develop "as people." As people, engineers must be aware of their unique cultures, values, personal experiences, perspectives, qualities, knowledge, skills and expertise and understand how these inform the decisions they make. From this perspective, professional formation must begin with personal formation by helping engineering students to focus inward on one's own knowledge of his or her experiences, cultures, and values and continue beyond this inward focus to include outward focus that leads to understanding one's experiences, cultures, and values in the context of others' experiences, cultures, and values. By acknowledging and valuing each individual and their experiences, cultures, and values we seek to systematically re-engage them in considerations of public welfare and the societal impacts of their work.
In this paper we present preliminary research from a small part of a larger crossdisciplinary project between the Engineering Education and Mechanical Engineering departments at a large mid-west university to explore how transformative approaches to teaching user-centered design influences the professional formation of engineering undergraduates. The larger research project is guided by the following three research questions intended to inform the broader community, providing evidence for improving professional formation in engineering and design activities: RQ1: Does compassionate design enable students to develop self/social awareness? RQ2: Does compassionate design appeal to a different type of engineering student? and RQ3: How does the compassionate design framework impact the students' design process? The primary focus of this study was to find a way to measure changes, specifically increases and decreases, in students' self-awareness and social-awareness to help answer RQ1. Therefore, the question guiding this study is: How can researchers measure changes in self-awareness and social-awareness of engineering students' engaging in a human-centered design project?
Methods
In order to answer RQ1 the research team needed a way to assess students' selfawareness and social-awareness in order to track their changes over time. An instrument (which we will refer to as the Self-awareness and Social-awareness Assessment) was created based on the Revised Self-Consciousness Scale (SCS-R) 8 and Measures of (Dis)engagement 1 survey instruments. By combining these instruments and administering the new survey with students in a freshman engineering course, we believed that we would be able to answer our research question for this study and track changes in students' self-awareness and social-awareness.
The SCS-R is a 22-item questionnaire developed by Scheier & Carver 8 which measures private and public self-consciousness as well as social anxiety. Private self-consciousness is defined as attending to one's inner thoughts particularly when they are of a personal nature (e.g. beliefs, values, feelings). 3, 8 Public self-consciousness is defined by Fenigstein, Scheier, & Buss as "a general awareness of the self as a social object that has an effect on others…" However, Scheier & Carver 8 consider it the tendency to focus on matters of one's "public display, qualities of the self from which impressions are formed in other people's eyes…" (e.g. behavior, mannerisms, expressive qualities). Participants rate their SCS-R characteristics (i.e. private selfawareness, public self-awareness, and social anxiety) by responding to 22 statements using a likert-type scale (3 = a lot like me, 2 = somewhat like me, 1 = a little like me, and 0 = not at all like me).
As its name suggests the SCS-R is a revised version of the Self-Consciousness Scale (SCS), originally developed by Fenigstein, et al. 3 They describe self-consciousness as one's disposition to direct her/his attention toward her/himself; the existence of this self-directed attention produces a state of self-awareness. 3 By measuring one's tendency to direct attention inward or outward, i.e. self-consciousness, we reason that we will be able to gauge one's consistent tendency to be in a state of self-directed attention, i.e. self-awareness.
The Measures of (Dis)engagement is a 15-item questionnaire developed by Cech 1 which measures the importance students place on public welfare beliefs and whether the emphases of their respective programs relate to those public welfare beliefs. The public welfare beliefs examined by this instrument are professional/ethical responsibilities, understanding the consequences of technology, understanding how people use machines, and social-consciousness. Participants rate the personal importance of the first three public welfare beliefs (i.e. professional/ethical responsibility, understanding the consequences of technology, and understanding how people use machines) using a likert-type scale (1 = very unimportant to 5 = very important). Participants rate the personal importance of the final public welfare belief (i.e. social consciousness) using a likert-type scale (1 = very unimportant to 4 = very important) to respond to four prompts: "improving society, "being active in my community," "promoting racial understanding," and "helping others in need." Professional/ethical responsibilities relate to students' general recognition of the "nature and gravity of their responsibilities as professionals" (p. 51) and their vision of a successful career. 1 Understanding the consequences of technology relates to "the weight they put on considerations of the social implications of engineering design" (p. 51). Understanding how people use technology relates to particularly to "understanding how machines reproduce power imbalances between groups of people" (p. 51). Finally, social consciousness relates to Figure 1 . SSA instrument "improving society, promoting racial understanding, helping others in need, and being active in their community." 1 We reason that the importance that students place on public welfare values is positively related to the consistent tendency of students to be engaged in a state of focused attention on considerations of public welfare in their day to day lives, i.e. social-awareness. Thus, by measuring the importance that students place on these public welfare beliefs, we reason that we can gauge their social-awareness.
The Self-awareness and Social-awareness Assessment (SSA) instrument (see Figure 1. ) was administered to undergraduate students engaged in a human-centered design project as part of a freshman engineering course (to be clear, students did not engage in any part of the compassionate design framework as part of this study). Their task was to design and build a product to teach children about the importance of sustainability using only recycled, reused, or repurposed materials. More specifically, they were to design and prototype an educational toy or game that is fun and engaging for preschool aged children and teaches them a specific idea about sustainability. The final prototypes were tested with students at a development lab school. As part of the design process team members were required to do field observation of a classroom at the development lab school. 120 students enrolled in the course. 87 students completed the time 1 survey; after cleaning the data, 85 samples were analyzed. 115 students completed the time 2 survey; after cleaning the data, 114 samples were analyzed.
The SSA was distributed to the same classroom at two different times: time 1, before engaging in the human centered-design project and time 2, after completing the human-centered design project. The SSA was administered as a single survey but it was scored according to the two distinct instruments of which it was composed. The time 1 data set was collected to establish a baseline for students' self-consciousness (i.e. disposition to direct their attention toward themselves and enter into a state of self-awareness) and (dis)engagement (i.e. the importance students place on public welfare beliefs and therefore the likeliness that they will engage in focused attention on those beliefs entering a state of social-awareness) prior to engaging in the human-centered design project. The time 2 data set was collected after the completion of the design project to track for significant changes in responses from time 1 to time 2. We also looked at previous results of the original instruments to see how our data from this study compared. For this reason, we compared public self-consciousness and social anxiety scores but we set out to only track changes in the private self-consciousness data for the SCS-R. Figure 2 presents the aggregated results of the SSA. The first table the mean values and standard deviations for each of the SCS-R characteristics of self-consciousness (at time 1 and time 2) along with normative data for the SCS-R. There was a slight increase in the private selfconsciousness mean value from time 1 (15.7) to time 2 (16.4). There was a slight decrease in the public self-consciousness mean value from time 1 (12.4) to time 2 (12.2). The was no change in the social anxiety mean value from time 1 (9.2) to time 2 (9.2). An independent, one-tailed T-test indicated that the changes in mean values from time 1 to time 2 for each SCS-R characteristic were not statistically significant. When compared to the normative data, the private selfconsciousness mean value at time 1 (15.7) was slightly lower than the normative mean value (16.0); however, the mean value at time 2 (16.4) was slightly higher. The public self- Figure 2 . Aggregated Results of Self-awareness and Social-awareness Assessment consciousness mean value at time 1 (12.4) was slightly lower than the normative mean value (13.7) and the mean value at time 2 (12.2) continued to decrease. The social anxiety mean value at time 1 (9.2) was slightly higher than the normative mean value (8.7) and the mean value at time 2 (9.2) was also slightly higher but did not change.
Results
The second table presents the mean values for each of the public welfare beliefs (at time 1 and time 2) along with the mean values for each of the public welfare beliefs from the original study (at time 1). There was a slight decrease in the mean value for the first three public welfare beliefs from time 1 to time 2. The professional and ethical responsibility mean value decreased from 4.321 (time 1) to 4.157 (time 2). The understanding the consequences of technology mean value decreased from 4.167 (time 1) to 4.130 (time 2). The understanding how people use machines mean value decreased from 4.202 (time 1) to 4.183 (time 2). Only the social consciousness mean values showed an increase from time 1 (3.376) to time 2 (3.440). An independent, one-tailed T-test indicated that the changes from time 1 to time 2 for each of the public welfare beliefs were not statistically significant. When compared to the mean values of the original study at time 1, the professional and ethical responsibility mean value at time 1 (4.321) was slightly higher than the mean value of the original study at time 1 (4.291); however, the mean value at time 2 (4.157) was slightly lower. The mean value for understanding the consequences of technology at time 1 (4.167) was slightly lower than the mean value of the original study at time 1 (4.384) and the mean value at time 2 (4.130) continued to decrease. The understanding how people use machines mean value at time 1 (4.202) was slightly lower than the mean value of the original study at time 1 (4.268) and the mean value at time 2 (4.183) continued to decrease. The social consciousness mean values at time 1 (3.376) and time 2 (3.440) were both higher than the mean value of the original study at time 1 (2.940). 
Means and Standard Deviations for Self-Awareness Indicators

Discussion
The primary focus of this study was to find a way to measure increases or decreases in students' self-awareness and social-awareness to help answer RQ1 of a larger research project. Therefore, we compared pre and post self-awareness and social-awareness assessments of students that engaged in a human-centered design project. The mean values for the selfawareness indicators show that private self-consciousness increased from time 1 to time 2, public self-consciousness decreased from time 1 to time 2, and social anxiety did not change from time 1 to time 2. We were hoping to see an increase in students' private self-consciousness after engaging in the human-centered design project so we found the results somewhat promising. It should be noted, however, that any changes in public self-consciousness and social anxiety recorded by the instrument have no impact on the usefulness of the instrument, for this study or the larger project, as we are focused on promoting students' ability to focus attention inward on their underlying beliefs, values, and assumptions. We simply included these measures to compare the results of our survey to the normative data of the SCS-R. Any interventions that focus students' attention on their appearance in public and the resulting complex, psycho-social response are beyond the scope of the larger project.
We were also hoping to see an increase in students' public welfare beliefs. However, the importance of students' beliefs regarding professional/ethical responsibilities, understanding the consequences of technology, and understanding how people use machines all decreased from time 1 to time 2; be that as it may, the importance of students' beliefs regarding social consciousness increased from time 1 to time 2. These results make sense because professional/ethical responsibility, understanding the consequences of technology, and understanding how people use machines are more associated with program emphasis, whereas, the social-consciousness factors (improving society, being active in one's community, promoting racial understanding, and helping others in need) are more associated with personality traits.
A T-test did not confirm that any of the changes were statistically significant. Possible reasons may be attributed to: we were unable to match the results of individual participants from time 1 to time 2-all responses were anonymous and we did not include a way to match time 1 and time 2 responses for each participant; the sample size at time 1 (n = 84) was noticeably smaller than the sample size at time 2 (n = 115); the time between surveys was only 3 weeks; apart from requiring field observations and testing prototypes with actual children, no other interventions were made to promote self-awareness or social-awareness (e.g. critical reflection, dialogue/discourse)-introducing such interventions may have contributed to significant changes.
Conclusion
In this paper we take a first step toward addressing the culture of disengagement. The results of this study can serve to inform the larger research project and how to integrate CD into the curriculum. First of all, the data we collected using the SSA were comparable to the normative data and baseline data from the SCS-R and Measures of (Dis)engagement, respectively. Therefore, the absence of statistical significance is more than likely a result of limitations of the data collected and the nature of the design project than an error on the part of the instrument. Moving forward, the larger research project will include additional steps to allow for matched pairs T-test of time 1 data and time 2 data, as well as, for tracking gender, race, and other demographic information. Second, simply implementing the CD framework for the sake of implementing it, without additional intervention, will likely yield similar results to this study. The larger research project will likely include thoughtfully considered interventions to promote learning that develops self-awareness and social-awareness in students. Transformative learning [9] [10] [11] offers a useful framework for developing particular interventions. Based on this framework, possible interventions may include the use of design journals, individual reflection assignments, team dialogue and reflection, and other learning activities to promote critical reflection and discourse. Finally, the SSA responses do not provide details about the students' changes in self-awareness and social-awareness. Employing a mixed-methods approach in the larger research project will allow for deeper insight into changes by conducting interviews with students.
